Uremic pericarditis occurred in 41% of 83 patients admitted to the chronic dialysis program at the Peter Bent Brigham Hospital. In the vast majority of these patients the pericarditis was present before dialysis and cleared clinically after beginning therapy. Instances of pericarditis that developed during regular dialysis were associated with metabolic stress such as surgery or infection or inadequate dialysis. When the pericarditis failed to resolve the patients usually died with sepsis or had severe tamponade which necessitated early pericardiectomy. The two cases reported illustrate resorption of massive pericardial effusions with dialysis. The utility of percutaneous pericardial catheterization as a treatment for uremic pericardial tamponade is demonstrated.
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Resorption of pericardial effusion
Of these, 33 (41%) were found to have pericarditis (pericardial friction rub being the sole consistent criterion for diagnosis) at some time in their hosptal course and were selected for analvsis. These 33 patients had 39 episodes of pericarditis. Initial clinical data are shown in table 1. All patients were maintained with the twin-coil artificial kidney wth regular dialysis.' These records were compared with those of 40 patients chart-coded to have uremic pericarditis during the pre-dialysis years 1940 to 1950.
Results
The pericardial friction rub was characteristically "to and fro," although in five of the 39 episodes of pericarditis, it was heard only in systole (table 2) . The rub varied in intensity from faintly audible to intense and in four of the latter episodes an accompanying thrill was present. In two patients the rub could only be heard in the upright position during episodes. The pain associated with pericarditis varied in quality from a nondescript, oppressive feeling to a severe, 1,200 ml of bloody fluid (hct, 16%) was removed and was replaced with 600 ml of air ( fig. 3C ). There was immediate clinical relief and the rub disappeared.
The catheter remained in place for 8 hours, and only another 5 ml of fluid could be aspirated at the time of removal. Intermittent temperature spikes to 102 F, which had been present since the onset of clinical pericarditis, ceased abruptly with the removal of fluid. The air slowly resorbed (fig. 4) . The patient received a renal homograft on June 1, 1967. One month after the tamponade her heart was normal by physical, radiographic, and ECG examination ( fig. 5 ).
Comment
This case demonstrates the usefulness of percutaneous catheter drainage of the pericardium, especially in view of the tendency of effusions to reaccumulate. In addition, since the amount of fluid needed to cause tamponade is usually in excess of a liter, much more fluid can be removed in this manner than by a safe tap. In this case two previous attempts, using large bore needles, Circulation, Volume XXXVIII, September 1968 failed to give more than temporary relief.
With the catheter tip at the apex, it is possible to aspirate initially with the patient recumbent and by changing the patient's position to the upright, increase the amount of fluid removed. The installation of air is intended to separate the pericardium from the surface of the heart, and thereby: (1) to reduce the rhythmic abrasive action of the beating heart against the pericardium, and (2) to act as a pressure hemostasis against the oozing epicardial and pericardial surfaces. This procedure made pericardiectomy unnecessary.
The patient had temperature spikes to as high as 102 F from the onset of clinical pericarditis. Unexplained fever remained despite the empirical use of broad spectrum antibiotics and disappeared promptly with drainage of the (sterile) pericardial fluid. Loculated blood in the pericardial sac, until resorbed or removed, is capable of producing fever. We have noted this on at least three occasions.
Discussion
Pericarditis with tamponade4-12 is a wellrecognized complication of both acute and chronic renal failure. The estimated incidence has varied greatly. Bright'3 found an incidence of 8% in a series reported in 1836. One hundred years later, Richter and O'-Hare,14 reporting on earlier Peter Bent Brigham Hospital experience, found it in 44% of 66 patients. The latter figures agree with our present-day experience.
The etiology of uremic pericarditis remains obscure. Bright considered it a part of the general tendency for involvement of serous membranes.'3 In his group there was a high incidence of concomitant pleuritis and peritonitis. We have also been impressed with the association of pericarditis with pleuritis, a 57% incidence in our own series. Pleuritis and pericarditis appeared to be influenced by similar factors. Postoperative and septic recurrence of pericarditis in most patients who previously had had pleuritis was associated with an exacerbation of pleural symptoms.
Circulation. Volume XXXVIII, September 1968 The etiology of pericarditis has been considered from both a bacteriological15 and viral'6 standpoint, but the evidence is not convincing. Occasionally organisms have been cultivated from pericardial fluid, but these would appear to be secondary invaders or contaminants 17, 18, 19 Several authors have noted the association of myocardial lesions with pericarditis. Langendorf and Pirani20 reported that six of 27 cases of uremic pericarditis showed extension of the inflammatory process into the adjacent myocardium. Gouley2' concluded that pericarditis was a complication of a toxic cardiomyopathy. In his series, uremic pericarditis was not seen in the absence of myocardial degeneration. In addition to frank myocardial necrosis, minimal round cell infiltration of the epicardial and subepicardial regions were noted. It would seem that an extension of the inflammatory process to the subepicardial regions may be expected with intense pericarditis.
A biochemical basis as the etiology of uremic pericarditis would seem to us the most plausible explanation. Although like other manifestations of uremia, no specific substance can be incriminated, the association of pericarditis with severe uremia and its usual alleviation with adequate dialysis would favor such an assumption. The lack of correlation between the severity of uremia (as judged by BUN and serum creatinine) and the occurrence of pericarditis in our series cannot be utilized as evidence against this possibility. Many of the patients we see are referred to us from other hospitals after an initial peritoneal dialysis, and it is impossible to reconstruct accurate data as to the chemical severity of their uremia. In addition, since pericarditis may be seen over a wide range of BUN and serum creatinine neither of these substances would appear to be directly responsible. The nature of the uremic "toxin" involved remains obscure. Electrocardiographic findings in our series were usually those of "nonspecific" ST-T wave changes. Rarely have we seen the concave ST-segment elevation characteristic of acute pericarditis. The electrocardiogram is said to be helpful in suggesting pericardial effusion.27 Low-voltage, ST-segment elevation, and electrical altemans may be useful in selected cases; however, these were not noted in any of our patients.
We consider the presence of uremic pericarditis an indication for dialysis. Although pericarditis has developed despite intermittent regular hemodialysis in several patients (J. W. Eschbach, Jr., personal communication), in the majority, one can expect improvement with intensive dialysis. Why pericarditis should occur in the well-dialyzed patient remains an enigma. In our series it was preceded by a recent major metabolic stress such as surgery, infection or both, in 10 of 11 instances in which pericarditis developed in a patient being maintained by dialysis. In the remaining case, it developed during what we now feel was inadequate dialysis (table 4) . Those individuals in whom pericarditis persisted until death had significant sepsis or congestive heart failure, or both (table 5) .
It is clear that patients maintained with intermittent hemodialysis are not totally well and remain in a precarious metabolic balance. The propensity to develop pericarditis may linger or the pericardial inflammation may be subclinical. It would appear that a stressful situation which increases catabolism, such as surgery or infection, is capable of "reactivating" clinically insignificant pericardial inflammation. Alleviation of the catabolic situation and more intensive hemodialysis usually leads to the amelioration of pericardial inflammation. Since increasing the frequency of dialysis from two to three times a week, we have not seen pericarditis in any patient after the institution of regular dialysis, except during situations of obvious stress.
Whereas pericarditis once carried a poor prognosis, it now serves as no more than a warning against the dangers of anticoagulation during the institution of dialysis. The possibility of tamponade with systemic anticoagulation is great, and the use of regional heparinization is mandatory in the early phase.
Cases 1 and 2 demonstrate the resorption of massive pericardial effusions with hemodialysis. However, should the tamponade be immediately life-threatening, pericardiocentensis is required. Percutaneous catheterization of the pericardium can be a useful technique in this emergency. When properly applied, it may obviate the need for pericardiectomy ( fig. 3C ).
Circulation, Volume XXXVIII. Septemiber 1 968 A sharp contrast exists between the outcome of uremic pericarditis before and after regular hemodialysis was available. In our review of the years 1940 to 1950, there was only one case encountered in which the pericarditis resolved, and this was associated with a significant improvement in renal function. In the dialysis period reviewed (1962 to 1967) of the 39 episodes of pericarditis, 28 (72%) cleared with hemodialysis.
